Abstract. Thermal power generation enterprises are the key objects of energy saving and emission reduction in China. The performance evaluation of energy saving and emission reduction has become a necessary means to measure the effectiveness of energy saving and emission reduction. This paper constructs the evaluation index system from five aspects of resource consumption, pollutant discharge, resource recycling, environmental management and scientific research management, according to the principle of scientificity, keyness, operability and comparability, to determine the index weight by using analytic hierarchy process, to comprehensively and quantitatively evaluate the energy saving and emission reduction work of enterprises using the efficiency coefficient method, and verifying the scientific and feasibility of this method by empirical analysis.
I. Introduction
As one of national high-polluting and high energy industries, the power plant should promote the realization of nation energy saving target, keeping in step with the pace of national policy, and practicing the idea of environmental protection production and focusing on energy saving task. How to objectively and exactly appraise the performance of energy conservation and emission reduction of the enterprise has been worth studying. In April 2010, SASAC issued "the Interim Measures of energy-saving emission reduction supervision and management for central enterprises", requiring the central enterprises' responsible person term examination indicators must include performance energy-saving emission reduction, while energy-saving and emission reduction work came into micro-enterprise. Scholars researched broadly the performance evaluation of energy conservation and emission reduction in theory field and most of the normative research. Now, the study of performance evaluation of energy saving of enterprises concentrates the construct of index system [1] [2] [3] [4] . The fewer studies of energy saving evaluation method were confined some traditional methods, which are marked by experts, with certain subjectivity [5, 6] .
Based on the previous research results, this text constructs a scientific and reasonable evaluation index system of energy saving and emission reduction for thermal power generation enterprises, and establishes the evaluation model by using the analytic hierarchy process and the efficiency coefficient method to evaluate the task of energy saving and emission reduction evaluation. This method that is operable, having certain objectivity and reliability, can overcome shortcomings objectivity and accuracy of the traditional method and more effectively guide enterprises to carry out energy conservation work.
II. The Performance Evaluation Index System of Energy-saving Emission Reduction for Thermal Power Generation Enterprises

The ideas of indicators selection
In order to achieve sustainable development and the goal of energy saving and emission reduction, on the one hand, thermal power generation enterprises should set energy consumption 2 index and resource recycling index from the point of view of saving energy and improving the efficiency of comprehensive utilization of resources and energy. Resource consumption indicators reflect the input usage and use efficiency of the raw materials and energy, by the consumption of raw materials and energy for per unit of operating income. Source recycling indicators can reflect the comprehensive utilization of production waste for enterprises, which to some extent can reduce the consumption of non-renewable resources such as coal. On the other hand, thermal power generation enterprises can set pollutant emission targets and environmental management indicators from this point of view of the emission reduction, dealing with the "three wastes", reducing emissions of pollutants and achieving zero pollution zero emissions. Pollutant emission targets include emissions and noisiness per unit operating income from various wastes and discharge. Environmental management indicators refer to the results that enterprises get through environmental protection and control, such as the attainment rate of pollution and the number of environmental awards etc. In addition, enterprises reflect the importance of energy-saving emission reduction by implementing the relevant policy and system and investing environmental protection funds to select the relevant indicators.
Following the "Evaluation Index System of Cleaner Production for Thermal Power Industry (Trial)", the performance evaluation index system of energy-saving and emission reduction of existing thermal power enterprises includes five categories of first-level indicators, namely, indicators of production technology and equipment, indicators of resources and energy consumption, indicators of comprehensive utilization of resources, pollutant emission targets and clean production management indicators, while 40 secondary indicators have been set up in the first grade indicators. With improper settings of production process and equipment indicators in this index system, making little progress in enterprises energy-saving emission reduction, the excessive number of secondary indicators and the repeatable settings of individual indicators will increase the workload of the evaluation. It remains to be further improving. Based on the principles of scientific, critical, operational and comparable, Delphi method was used to improve the index system. First of all, to design a written questionnaire, with reference to the existing evaluation index system by 10 industry experts, combined with the actual situation of the status and performance evaluation of energy-saving emission reduction of China's thermal power companies to find the key issues which should be solved during energy-saving emission reduction work and identify key success factors and consider that key performance indicators are most relevant to these success factors, they are listed on the questionnaire according the importance. Secondly, summarizing the results of the survey and repeatedly consulting experts and to ask the experts to submit the questionnaire within the required time, and ranking the results and sending the results to experts to ask them to consider, you should fill in the questionnaire again. Indicate that without too many evaluation indicators and no more than five key performance indicators in each aspect. Finally, summarizing again, with basically consistent of the experts' opinions, we can determine the key indicators according to the results as most experts accepted. In accordance with the implementation of the steps above, key performance indicators of quantitative assessment and measurement the final should be done.
The establishment of the index system
Based on Delphi method, this paper chooses 17 key indexes from resource consumption, pollutant discharge, resource recycling, environmental management and scientific research management, and constructs the performance evaluation index system of energy saving and emission reduction for thermal power generation enterprises, including 13 quantitative indicators, four qualitative indicators, with independent of each indicators to fully guarantee the scientific and feasibility of the index system. As shown in Figure 1 : 
III. Performance Evaluation Model of Energy Saving for the Thermal Power Generation Enterprises
Using the analytic hierarchy process to determine the indicator weight
AHP is a multi-criteria decision-making method proposed by Saaty, a famous American operations researcher and university professor at the University of Pittsburgh. The basic idea is to decompose a complex problem into an orderly hierarchical structure, that is, the target layer, the criterion layer and the program layer, and then to establish the two pairs of comparison matrix, and finally to calculate the weight of the indicators [8] . The advantage of the analytic hierarchy process is that systematically analyzed the combination of quantitative and qualitative indicators and is more practical in situations where the influencing factors are complex. Determine the index weight of criterion layer and index layer in index system by the analytic hierarchy process. The specific steps are: first, determine the relative importance between the two indexes of each layer by sending the evaluation index system to 10 experts, according to the nine-point scoring method to judge the comparison between the two indicators. Secondly, according to the results of expert scoring to construct the judgment matrix of each level, first calculate the comprehensive weight of each layer index, and then calculate the relative weight of each level index relative to a general goal. Finally, test it consistently. In order to simplify the calculation, this paper borrows yaahp software to calculate the each index weight, and passes the consistency test. Calculations as shown in table 1.
From Table 1 , the index weight of "resource consumption" is 38.8% in the performance evaluation index system of energy saving and emission reduction, producing a great influence on the performance levels of the energy saving and emission reduction. The index weight of "pollutant discharge" is 27.19%. The index weight of "resource recycling utilization" is 12.17%, and the effect of "environmental management" and "scientific research management" on the performance level of 4 energy saving and emission reduction is relatively small. Among them, the indicator of "Coal Consumption Per Unit Output Value" in the "resource consumption" exercises the greatest effect on the performance level of energy-saving emission reduction, while the index of sulfur dioxide emissions per unit power generation among the "pollutant emissions" of the second. Business operators can adjust management priorities and methods, based on the impact of the weight of indicators on the energy-saving emission reduction performance to achieve high performance. 
Comprehensive evaluation with the efficiency coefficient method
Based on the principle of multi-objective programming, Efficacy Coefficient Method turns the actual value of all indicators which will assess into measurable efficacy score, by determining a standard value for each evaluation index; and then you get the evaluation score through multiplied the efficacy score of all the indicators by the weight of the indicator; finally you can get the total score by weighted. The method is simple and operable, and makes the evaluation result more objective and fair. Specific steps are as follows:
1) Determine the Original Value of the Indicator
The criteria are as follows: including 13 quantitative indicators and 4 qualitative indicators in this text , the original value of the quantitative indicators in which can be directly or indirectly calculated based on the data on the company's annual report and the social responsibility report; marking by the experts according to the actual circumstance of energy saving and emission reduction, the qualitative indicators are divided into five intervals, which are (excellent, good, medium, poorer, poor), and the corresponding scores are (5, 4, 3, 2, 1) .
2) The Dimensionlessness of the Index.
As the different nature and measurement units of the indicators selected above, if evaluating and calculating directly with the original value, it will highlight the role of the higher value indicators in the comprehensive evaluation, and relatively weaken the role of lower indicators to make the evaluation results scientific. So there is a need to deal with the indicators with non-dimensionless method and to convert into a dimensionless value to evaluate. The selected indicators are divided into positive and negative indicators, the greater the better the positive indicators, such as resource recycling utilization, environmental management and scientific research management; the smaller the better the negative indicators, such as resource consumption and pollutant emissions.
The calculation formula of dimensionless numbers is: Dimensionless value of the positive indicators = raw value / standard value (1) Dimensionless value of the negative indicators = standard value / raw value (2) The data of the standard value mainly from the national clean production two standard (power industry), thermal power plant air pollutant discharge standards and expert assessment.
3) Calculate the Comprehensive Value of Energy-saving and Emission Reduction Performance Evaluation
At present, the evaluation criteria of energy efficiency and emission reduction performance for power industry are (excellent, good, qualified, poorer, poor), and the corresponding score is (1, 0.8,  0.6, 0.4, 0.2) .
By using the index grading and weighted evaluation method, to evaluate the enterprise energy saving and emission reduction performance might first multiply the multivariate value by the weight of each index to obtain the index scores, and then weight to get the comprehensive evaluation value on the basis of the evaluation value. Specific steps are as follows: First, calculate the performance level of the criterion layer: B i = B ij * W ij (i= 1, 2, 3, 4, 5) (3) Second, calculate the performance value of the target layer: A=B 1 +B 2 + B 3 + B 4 + B 5 (4) Among them, Bij is the dimensionless value after standardization; W ij is the comprehensive weight of the index layer relative to the target layer; Bi is the performance evaluation value of the criterion layer index; A is the comprehensive value of the performance evaluation of the company energy saving and emission reduction..
IV. Positive Analysis
In this paper, A thermal power plant for empirical analysis, A company is located in Shanxi Province, the production scale of 3 * 220t/h circulating fluidized bed boiler 3 * 50MW pumping condensing turbine generator. The main fuel is ordinary coal. By collecting the energy and emission reduction information disclosed in the annual report of the company, the secondary standard of the national clean production (electric power industry) and the emission standard of the air pollutant in the thermal power plant, the original value and the standard value of each index are obtained. And then evaluate the company's energy-saving emission reduction work in 2016 using the method above. All index data as shown in table 2.
In the light of calculation formula above B i = B ij * W ij, it can make the score of the indicator of the criterion layer, that is: B 1 = 0.3586; B 2 = 0.2749; B 3 = 0.0843; B 4 = 0.105; B 5 = 0.0452; so the total score of energy saving and emission reduction performance is: A = B 1 + B 2 + B 3 + B 4 + B 5 = 0.868. According to the industry evaluation criteria (excellent, good, qualified, poorer, poor) corresponds to the score is (1, 0.8, 0.6, 0.4, 0.2), we can see A company 2016 energy-saving emission reduction performance in the thermal power industry in a good level , but there is a certain gap from the excellent level.
A good performance of A company energy-saving emission reduction can be seen in the evaluation process, with a clear concept of environmental protection and a sound environmental system. Enterprises attach great importance to the energy-saving emission reduction issues of production process. But there are still some problems. According to the indicators of Table 2 , the main reason for the gap is that the rate of resource recycling utilization is lower than the industry standard value; the resource consumption, especially the coal consumption per unit output value and raw materials per unit output value is higher than the industry standard value, as Table 1 shows that the greatest impact of the resources consumption on the company's energy-saving emission reduction performance level; while the company employees awareness of energy-saving emission reduction is relatively weak, and new technology research and development capabilities are lower than industry standards. Therefore, in order to make A company energy-saving emission reduction performance to achieve industry-leading level, you can take the following measures:
(1) Improve the recycling rate of resources. Introducing the advanced equipment and technology for the disposal of waste, to change the waste of production process into the raw materials of next production process, it achieves the recycling and reutilization of resources and forms a chain of energy-saving cycle.
(2) We should increase the propaganda of energy-saving emission reduction in the enterprise to form a culture of energy-saving emission reduction. At the same time, we can also carry out relevant training to improve staff operational skills, linked energy saving efficiency to staff salaries so as to improve staff awareness of energy conservation.
(3) In terms of resource consumption, we can reduce the standard coal consumption by improving the ability of new technology research and development and strengthening technological innovation. We can increase technology and capital investment mainly from two aspects. First, you can improve the efficiency of coal resources by researching and developing or introducing the advanced coal cleaning technology to reduce the coal dust and impurities in term of resource management. Second, you can strengthen the capital investment in the transformation of the boiler and increase the desulfurization of coal for equipment applications.
V. Conclusion
As a high pollution and high energy consumption enterprises, thermal power enterprises should infiltrate the idea of energy-saving emission reduction into every corner of the enterprise. To carry out energy-saving emission reduction is the necessary choice to achieve sustainable development. We can measure the achieved the level and effectiveness which enterprises implemented the energy-saving emission reduction measures with the support of the financial and technical conditions by assessing the level of energy-saving emission reduction performance, This paper constructs the index system from five aspects of resource consumption, pollutant discharge, resource recycling, environmental management and scientific research management and puts forward a method to effectively evaluate the performance of energy saving and emission reduction, based on the analytic hierarchy process and the efficiency coefficient method. The method of this paper has the following advantages: First, under circumstances of a large number and more complex relationship of enterprise energy-saving emission reduction indicators, we can effectively extract the subjective judgment information from the decision-makers, through the pairwise comparison judgment model. Second, the method can reflect the enterprise energy-saving performance scientifically and objectively to reduce the error and overcome the subjectivity of traditional methods, such as the fuzzy comprehensive evaluation method so as to correct the evaluation results. Third, the method which can be used not only for artificial grading, but also for computer processing, is conducive to the application and dissemination of the evaluation index system.
